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u mzmmmmzffiTzmmmfrMmmfrzz-nmt 
mnz>jyfa\zmfr?2>. m*izmfs.mzmi&-£tifz2-z> 

^'bt ^TffiizcDjjfaizmm-rzm 1 ©#!«&<»: me 

tttswraest'sy kt*ot, 
&t*$:mzmmi'Tttzmm&&tzisT\,*2>z\£>£ : & 

HSEn-f^cttKHSfEi^^ttSI^O^-St)© 

£E&S£#K®T£<fc5l::Eg£*l-5 2t?©«ffi, 

U WEE*«#KH-r-5E»«tfr»lSlB*>6C.O!)Biii; 

Ofittlt. IME2:3©BttJi©'3 , &©— :#©«ttJB* 
f 'Dt L.T0f)e©^[B]tC#lBl-r5^ 1 ©#lal#feiirE 
2 o©BttJf ©5 *>©ft&3r©BttJf bTlWEBf 
^©*ifi] i Rfcf ^rfi] ic #®-r -5 m 2 ©#0^ <t 
*. IWB2r?©«tt«©ffitt;£fafc:»oTS§ttT*iitt 
lWE»«3-f^^WE2r>©«ttJij^6J»iBk 

T*»g»d:&w-i-**gi«»'sv H©«ifi*jSTr*o 

T, 

i»Ei«3-f j|/*«j«-r * «£Sc©«f£®iSi &M£l»g L 
TUje£T*;r<tfC<fcD, mfE^l©#@¥firi:B(rE^2 

teiin ^ 5 c t tt ssg'x y k© 

[0 0 0 1] 

©aaarttKH-r*. 

[0 0 0 2] 

[«£*©&%] ifi*^ A-K^X^ggWffiEfi^S 

ffl©mmetn: (£IT\ MR (Magneto Resistive ) tg 

[0 0 0 3] R4, WAtf. Si^f^ (wr 

ite gap) £tfeA,T-?-©±TK:ER£ft. -SaSfKiJ^T 
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«»WfcaM63 nfc±«B« (h7^-W iJ^fctfT 

EfiM*#*f[6]® (I7^7'J>^I) KjEI>«©**© 
E@^^^^j£gUC*5ViTSVitC|t|— ©— (— 5£ifS 
SB#) £WLT*30. ^ne»©BPfi:frJ;DE@h5^^ 

[0 0 0 4] n-f^oHiiSfcLTra. WAtt, ±$5S£® 
10 ^»TaH»**fcJ4±«a*tTaH8St©*«ll**«»»iC.» 
tLT2^7c6gtr (-¥®rttc) #*>nfc r^/vf^p 
mmi ^> ±«««*»T«a«©HH*#iirr* iau 

jgffl Lfc0iJt LT, 0fl;U;f, 5-2 4 2 4 2 9T 

(4. 3*iftE«an3t±«Btt3 7 , 4JJ:EXTBS«tt3 7fe 

S. *fc> Hfli«Tffcgl3 0 3 3 0 4 3^X14. fcffaEg 
20 Sn&*l 37 , *J:tfJ(52 37'e«A*»8l«»'\y K 
IC*lf»T. Ml 3T©ilHS:^lHl0 (£fcf4£[el0) C 

#isrr*&&ic»2=i7©«B&£iaD c&isq) tc# 
atsaox/H 5;HR©»«3'f juitfHMtticfi 
is^ti. cn6©»gt3-f^jidts«r»fc:ii«ssnfc*jfi 

StUStkLTU-S. 4#W¥5 - 1 0 1 3 3 7T(4, 

ttfflEgSftfcTJf MMBStri 7*i^±IIll»3 
7£tt*.«ftMBft'S7 h*fc:*3^T, T1IISM3 7 

©3 m &#nrr * ^ u t> -f <t n 7 

© h m &mmT * ^\ u # -r ;u t a** 

[0 0 0 5] WNBA's? FTfi, «ft©Efil 

Mftmz&^TZTfMznffiibmnzt. ztuzfocx 
<fctrF««stcj;o*ij«sn&aBSE©e»iiitt (etT, 
*±si5©g©-«*igi5^'ve«-r*. -jgwtt^eis 
fcsua-r*» -«*a5»©5fe*asi:aiau&«3R*nE* 
40 fttm±-rz>. zwmm&mz&Qimmmwftmz 

[0 0 0 6] 

S^7FO'Mft4IWtLT, 3-f;v©/h 
M^*«i)?>nT^*. n^f;i.©/M/{k^#mLfc^, 

^©fi^^M^^/jN^^^'j^jp^ji^n-r^^jitL 

Tl^t?*0. )V<D&%m : £ , 8kmz-fZ>Z\h\Z&K) 
3 -f it * <t D yjNfflft-T * £ £ nJflgT- ^St#Ab 

50 n-5. 
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[0 0 0 7] Lft>lstt#t&. &m*. &rFW<fc3ftSE& 
ICfcD. iSKffi^-y KcDSiglcgl^^gTSt* 

ufr^rcQ, zr{ )i&tfc.m\z&^TMf$.mmizm&>fr-f 
titftkczt, n-r )imi&r$<z>&teiz&misTmmmtf 10 

^?©[S]± t &®iE(r ja^it^ its it ttBli-es o Ac. 

[0 0 0 8] ±f2CDfSJSte. SMRB&t'S? K0> 

[0 0 0 9] *:%^«^*^F a 1S^t-ig*-T^$nfct) 

pi$&tf^<Dgkmj3tii&im-rz>z\tiz&2>. 

[0 0 101 

£<P<k«i: VTffil£<DJjft£KMXmiZ&m?zm 2 C9# 
Wficm, 2^©att^©}ffeE^lC»oT5ffiaE 

Tz^-vit* ^^)u%2^<Dm&ti>.fr<bfim.-?z>mB. 

[0011] ^BJicofiB^'s-y h'TIi, a-r;w«. mi 
©SHWMft <cM? 2 w#[5jmfi: £ ££51::^ LTte-Tii 

rt^^-f 5. 40 
[0 0 12] &-&BR<DM5i.^y KTte. 4>&< t fc^-r 

5 e fc5tcLTfcJ:U. 
[0 0 1 3] *%BJ©m^'\-y h'CO©it?jffili. *^<y 
U TS H K *f -5 1 & lc I lc BST 5 <£ 

^icKM^n^oro&s^u mmmmzm-rza 
mm&ttfa B5*> e> c <om t mtxz km set a a t> k 
js^wica^snAc2oo®ttet, 2-D<Dm i &m<no 
%(D-j](Dm&m$:<p'b£ i.xm^.oy^mzmm-r^'m 

1 ©*lel*ti:£ 2 0W^tt^cD-5^CDte^©JKttS^4 I 50 
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2-3©iSttB<D5gft^(6Ui»-pT}fffiE-rS 

sss \zmis £ tifca^ £ &-r ct o \zmm a -r ;u £ j&be 

T •£ =fc o \Z L Ac & S. 
[0 0 14] #fgHJl©ffl^'\-y K<OSjt*aT«, il 

n ;u^fiifiE-r z>&&<Dmfitmmtfmizmm £ nxM 

$n-Sd<i:(Cct;0. S?ll©#0¥&tm2(D#|5im{£<i: 
[0 0 15] 

[0 0 16] @l~i2 2S;#B1UT, 

mzftzmmmfs.'sv \^<Dm.mjsm\z^x^Mit^n 

[0 0 1 7] Sl~01 2lc*3^T. (A) fiXT^T 

U>^BiKSiaa:Wiif*iB*«U. (B) \*mm$t>fta 
>^ffi(c:¥fT^:»rfflPjg5:^LT^-5„ Ell 
3~EI2 0tt£Bfc«jfil8lc*rr**HB*li6. a 2 1 

rfLVtm^&vztmmm. m2 2\z$z&vimiz&v2>m 

Bt3-f ;U 9 GD«Si££ 1 ^O^tcffiBS^fcLTSLAcfeO) 
T^S. HT. El 1 3 ~EI 2 0 KfcHT, El 1 3 \tm 
2, EH4ttEI4, EI15«EI5, El 1 6 \tm 6 , El 1 
7«EI7, El 1 8&EI8, El 1 9fSEI9, EI2 0liEll 
0lc*UActtS!lc^n^n*fj£;UT^3. ±t2LAcEI 2 
~miO(D (A) fi. El 1 3~EI2 0(Ct5^-SA-A^ 

\z%t^tc*:mmm\zm%-r2>. 

[0 0 18] ^TOUiWT«, EI1~EI2 2Og0ti: 

(*ActiS$*i6i) j , z^ifi]<& rji^. (^fc 
te/P^fa) j tSIB-r-st^ic. Ytt^r&io-5^, x 

>ifffi2 0M (S/ca^X@II*3^iTX7^7 

u>^/®2 otts.z>m) & mm (sac«h9^j , ^<d 
a. 

[0 0 19] <»«««'\y H<D§S^ffi>**Jg©^ 

Acct^ll. 0iJA«7^-r -y^ (A 1 2 O3 • T i C) 
^e>7iSSSl±(c. CT^tfgSfbT^SX^A (Al2 
O3 ; £Z."F, m\Z {7)15.1-} ii^o. ) J;0^Siiei& 
m2&m3. 0/xm~5. 0 AtmSS©iP*T-lSffi-r 

friz. tmm2±tz. mx.imm-rz>7i—L>sb-D 
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£J£C:J;0, m*.f£=.v*Mk&*L (N i Fe : «T. 
•5. 

[0 0 2 0]*:, 01 fc^bfcct^tc, t«->— ;n* 

■r^.K>U^^-)V^^^v^mA^mQ. 0 1/zm~ 

ttz2>&.?\zBti.Tz>o Mz, mffimcoyi-bwy? 
tistLTou-Hi (H^-s-f) *a*?wfc»j*-r 

[0 0 2 1] ->-;]/ K^yT'Jgl 4, 6±t, 09 

SJ:8&*>— ;|/KJ17££U. 0miti~2. 0 um<Dm^~ 20 

[0 0 2 2] @2*5j;DCg|i Z\Z^tziio\Z, 

±ffl JH« Jf 7 ± , M X. fc£7. /1 * U > ^ IC <t 0 . 
«A«7;i'S^-«kt)a:*«i»«t8&#S0. l«m~0. 

BStctt, ^xS{r*3^Tte©±as>/— l 0 (S3 

t)fc^&5lzT2>. 

[0 0 2 3] ^ir. 0 2*5cfctf01 3tr^bfc«t5(c. 
*&tffc)8l8±lc, ^J^.«7l/-AJ6o#S{rJ;D. 09;Uf 30 
I (Cu) £<0fcZ>m%iCD3'()W*-y9 A (0tJA«9 
Al, 9A2, 9A3) 1 . 0um~l. 5/imO 
iP^-CM^fC^-r-S. dCDn-TJl//1— V 9 Att, ^ 
aiT-5^n< )V% (HI 013J;^E2 1 #$0 ©— SB 

n-f;p/i-^9 A^ffi^T-SSSfcte, &xg{: 
43(^TJ£fiJt£tl-S> — lOH-fJW-y (9 B, 9 C, 9 
D, 9E) £gei^£*l. Sllttl;: cn?,(D3-f JWt-y 

rom^ffibT^Kn-f ;i'9^fi£$ti-s>«fc5tcfi:a'& 40 

A®fif*w, «i7jrfi] m'Poxmijfa) \ZttLTM 
<<t-5triH«-r-5. a-f;p/t-!y9 A<D¥-mBW. 

3-r;wt-yg AwSH^IllSfi, TS$m®i3:fc 

ct^KBT-g>±g5®ffi 1 7 (H8#Hg) ictt-r-s&arr 

[0 0 2 4] 7 U—Afco 9 U/9 A 
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a<;w«-!y9 AO»jfjt«»tra«o«»r(«i) & 

/i-y 9 AtD^ffi^c^-r^^ffi^^^-rs j; 5 
tc-r-st^ir. n-f 9 Aom^&mizMi^-r^ 

y^hv^7,hm\znvxm^m^mvtz<D^>, z.<d 
•y* hvv* hm&mm-rz>z.}i\z£r). zi-ovn-y 
9 A&Bs&-rz>fzit>(Dwm.?). (7i/-A/^-» =&a 

VimzBrnt*. 'A\Z. 7k-A/t5>->m^tl 

^-tt-SCtfCcfcOn-f y 9 A&miRmz&i&T 
3. 3^^-7 9 A£JB5j&Lfc©^ 71/- 

[0 0 2 5]^!:, 0 3fr^L7c«t'5lC. HHPSB7K 

<t075:-5±gBv'-;PKS 1 0£ii32. 5 M m~3. O/i 

*5«fc^±gu->-;PH«i o^tciofit^^nrciHidb®^ 

)l>5.-t-£Qf3i2>fif!mmmmi l 0^m~4. 
0 ym©JP^-e^J5£-r3., ^0mlligll 1PI1 ^ 
IgK*^TW«»aS*Sn*££KJ:Dtt»«l 1 

[0 0 2 6] i^fC, (»U«CMP ({k^ti«W«) ffifC 
<k0> tft^SfS UT?fiftt 5 ^ t IC J; 0 , S4i5j; 
Z/01 4H^Lfc«t'5tC, n^;W-7 9A§SIlt 

zmmm 1 1 ^Mts. se^M 1 1 &Bi&T2>mz 
», tt>±»->— ;h*ji i o^ai-r^s-rws 

[0 0 2 7] Si4i:*UcJ;7l:, 
ZT-sCJ^jcyy-v^yy (Reactive Ion Etching;^ 

t, tr i ej t^o. ) tr«fco. «eaai \ <do 

3^JW-7 9A (9A1, 9A2, 9A3) (DM 
Si«ifi»K»ifi:f * *M*?«)tix ^ > ^ L xffl D 

©Si*-JH lHSr^fiK-T-5. fflStfri— )V1 1H&B 

f$.-rzmz\$, 9 A^sm-r-s^-ex-v?- 

yymm*fiz>&?\z't2>. :«*-jhihii 
n -f »y 9 a <h«xgJci5UT^fi£$ ti%> n -f ;u/t 
-7 9B (01 7i5«i:tf0 2 i#eg) t**gts-a-*fc 

[0 0 2 8] WZ. 05i5«tr/@l 5tC^bfc«t^H. 
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£K>U2>mmmi 2&mo. l tf m~0. 2«m©Jl2>- 

Lfc<t5l:, ^Xgfwiil^T^bfeSiK^-^H 1H 

[0 0 2 9] 'AiZ. 0 5*J«fctf01 5 (C^L/r«t^tI. 
«6igkl8ll 2©?*>. ^*-;H lHSf(C«tOB^tlfc 

)Wt-y 9 A £gt#r-f-5 J: -9 D-f J: 0 & 

1 3£S§2. 0itm~3. 0xzm©^-Cg 

tt» Ell 5IC*Lfc«kp»C. ^XStw*5^TX7''<7U 
>;/®2 0<hfc£flij (0*©£{BI) A>£JIK5fcSggBl 3 
A:fc«fctf&Sgg& l 3 B&Sts&olz-rz. mfcmteT& 

mmi 3<Dffimtvr\z. «*.«:, ftssfgsu 3 a?^ ib 

mhyy ^«*«JE-r**«'h!»-JB«* «fc 5 £ 
M8513BJ55. -t©«#«K*st>Te# 
-£©it££WU flfcfcSBtr&^T&SggB 1 3 AtcifioX 

[0 0 3 0] $L\Z. m6&<i:Zfimi 6\Z7ikLfz<t:olz, 
«k0feSie@^^<y^"« 1 4$r*ij0. 1/Lim~0. 3 /z 

117 (@8#I) £**«£■&**:©©»!□« 1 4K 
[0 0 3 1]^(c, K»**v:7Jil 4±fc. EtfSS© 

y*hvvifyy<<mmiz&K>, mj»i*K8i»tt*^'r 

<d/\9— >£.tez>£oizj&i$.-rz. X.IZ. Z\(Dy* h U- 
MStjfcf L/T. «2 0 0 4 C~2 5 0° C©$SB(*J 

B6«J:tfBl 6Kj*Ufc«fc3K:i6«Kl 5jWHRttK 
Z©«ftRl 5tt. ±\Z, TMI13t 

ffiWiTZZ.&z£K>. »ftBtl 5©JB*ifi«Ji*i*fc# 

tf. «ie»c*^T»«sn*3<;p/t— y9c (07 

fc>-t*-£-r -5 Hi6i:si/fcJ:5i:. $txst'*i 
UT«fi£L.fc*6^-JH 1 H:te4:tfPflPgBl 4K4S 

[0 0 3 2] Hi 7i:fl/fcJ:5i:, 

^>*o#^$rfi£fiS-li-^^tfCj;0> MtS'fjl'9©— 
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mz&f&-?Z>. C©3-fM-y9B«, 02 1K*lx 
8ftt*-JH 1 H©nffifllififc:ttJ& 

[0 0 3 3] ^tr. 07*i«fctf0i 7tc^Ufc«kp»r, 
«3 -r jw/t- y 9 a «»dc u tzm& t mmco y v- 

79C (fl*tf9Cl, 9C2, 9C3, 9C4, 9C 
5, 9C6, 9C7) £J$1. 5 y m©JP*.TM«W»C 

10 #«»*fcLfc#tt©¥ffiJ^*^**3fc-r*fc*e 
(w, 3< 9 COftf *l*HW4S*fll (0*©Y 

S> 9 CS^-TSIRlCtt, 3-fM-f9C 1©— SS£ 
a-{)Wi—y 9 a i ©— SStj&ta-f y 9 b 
■cttimsnii*!:, 3W-y9C2ottit3'f 
;ws-y 9 a i ©tefctatn-r jp/t-y 9b^its 
^snaJ^KU -l©3-f;w-yp (9 Ci, 9 

B, 9A1, 9B. 9C2) \Z cfc 0«iSn5M*fi 
i&0fife-r^. ^LT. «©3-f;U/t— y» (9C3, 9 
20 B, 9A2, 9B. 9 C 4 SiXiWd C 5 , 9 B, 9A 
3, 9B, 9C6) fcOV>TfcR*Ktt«WiteS»(fc-r 

a. &ttttitM& (3-r;^-y9 a. 9B, 9C) tt, 

0 2 1 (C^LJt.t^lC. TfflKBffl 3 («SSSB1 3B) 
©»H**0-r*Cltta:*. £TF-m, iNftC, 
A-7 9A, 9B, 9CCiO*«Sn6««*ftS 

1 ©#[sl¥&U 1 j «i:Bf^-rat)©i:-ra (0 2 2 

[0 0 3 4] #(c, 08*3<toc0 1 8i:*Ufci^i:. 
3-f;^-y9C*J:rX-t©«ia*«tB-5J:'5K. 0>J 
30 AtfiHMIKl 5*»j*Lfc*££H*©tt»«J«fctf»(fc 
*ft*ffllr»T, «*tf7*H/yxhJ:l)ft4«il«l 
6&Bl&-rZ>o 3-fJPA-7 9Cll «6iS^16fr«fcO 

[0 0 3 5]i>:tr, 0 8*3«t^01 8tr^Lfc«fc^ic, 

§51 4KlrM^®^±fr, ^JAtf7lx-A*o€»»C«t 

0, mx-ltrt— VP'f J:D3*S±gSJ8ffil 7^*52. 0 
Mm- 3. 0<tmOf*TW{WC»«t4. ±gB^€S 

1 7*»j*T*RlCJa, flIAtf. 018lw*LfeJ;p 
40 tC. TflMHil-3 (5tSSgS13A, ^«g|513B) tg 

«l^^©SliS (Jfe^gBl 7 A, &Ss8SU 7B) *tL, 
JP**|6] (0*©Z$ft#|6]) fr*<r»TT*««l 3iW 

^-r^cfc^trra. Tssaeii 3t±mmmi 7 t\m 
ami 4KK*t»T»awcanesn. Tge^si 3*3 

J;tf.LgBfiB®l 7irJ:Ofi88S*«0fiK^n-5. BfthJv 

-sft««i 3Ai 

9cmmi 7 At^gE^^ y^Bl 4Sr^UT»[6j-r-5 
dtlr«fcO. JSffigB^l 0 0*tJgEK$na (08 (B) 

. Cut, ±mmmi 7tf*mw\z&vz mis 

50 ©iStt^j *&tt Tflii^©iSttPj ©-Aflc«|K#*T 
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[0 0 3 6] 'AiZ. 0 9*5=fct*01 9 tr^Lfcct^H, 

7. hJ;D&5*fe8H8ll 8£giR69f;:J£/rr-5. 

IKl 8(i. JigBfiBffil 7t^lS(r*3^T^$n-53 

iNURIIl 8Sr^-r^K^tt, ^XSlr*3^T^$n 
53<M-7 9E (010, 02O#I) (Dge^M^ 

1. 12, 15, 16, 1 8l:J:DisKSn5»tM 

[0 0 3 7] ^tc, Ei 9tr^bfc<fc^(c, &&jggi 
6, l 8*3J:^±g|5Kffii 7<do%. n< ^9 c 
1 ~ 9 C 6 \Z&tfZ,Zi1 )Vrt-V 9 BMERSnt^ft; 

7 © wsBis» k »*-r * * a« w k x y ^ > ^ u t 

«ROttME4«— ^ l 8H^^-T§. ft*i*-;H 8H 

n-r;wi-^9 c<h»xs^*^x^sti 

53-fjW-79D (02 0. 02 1#{$) tSr^S 

[0038] 02 oizTxLfcjioiz. m?mmm 

sb^%m\zJ:K). mm*-)H 8H<p\zmz.\£mi:Qt3: 
Z> tt> -3 $ d £ tc J: 0 m&n zi -f y 

9DSrMS?WfC^-r-5>„ C©3-fJ^-!y9Bil #J 
02 1 fC^Lfccfc-Str. Jfelgd&I^Tffi^;**!. 

[0 0 3 9] 'A.IZ, 01 Oi5J;tf02 OtC^Lfccfco 
Mi8±i;, ^JA«7U— Aib-D&mz iD, 
mtflicfcD&3»l&:cDri-f;i,A-->y 9 E («Atf 9 E 
1, 9E2 , 9E3) £&1. 5 u m<Dm^M^\Z 

Bf&-rz>. u*t)W\— y9 EzmfcTzmzte. n-nu 

A-^9 E 1 ©— jB£3-r;i,/t— y 9 C 2 CD— 

79Ei coffij^ta-f yvn—v 9 C SCOte^t^n'f ;p 
/t-!y9DSr^bTS^$n^J:5trU. — acon-r;!. 

/t— y» (9C2, 9D, 9E1, 9D, 9C3) tC<fc 

/1— y» (9C4. 9D, 9E2, 9 D, 9C5i><fctf 
9C6, 9D, 9E3, 9D, 9C7) irO^TfePHl 

C, 9D, 9E) 02 1 ICSUfc,fc3fc, ±g5m® 
1 7 (ftfflffil 7B) ©J?H£#le]T-2> W 
Tfli, 3^fM-79C, 9D, 9E»C=fc0« 
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feCDiTS (02 2#S8) „ &43, «R3-ni'9fc»j£ 
-?Z>mz\$. tfiJAfcf. TSSSSffil 3i5cfctf±g&#&l 7 

<D^n?n<Dmmmm\z&w&mj&<Dm<£m>isj:zf'&m 
mmm&u 1 cd&£SI2 <Dm®m®.u 2 ©gct^-st^ 

•frS^lcTSCDrtW^L^ (02 2#B8) „ 
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PROBLEM TO BE SOLVED: To provide a magnetic head 
and its manufacturing method, capable of shortening 
manufacturing time and improving manufacturing yield 
while miniaturizing a coil. 

SOLUTION: A thin-film coil 9 is constructed to form a 
continuous body where a first winding unit U1 winding 
clockwise around a lower magnetic pole 13, and a 
second winding unit U2 winding counterclockwise around 
an upper magnetic pole 1 7 are alternately connected. 
When the number of coil winding times is increased, a 
space between coil parts 9C becomes dense, while coil 
parts 9A or 9E are sufficiently separated from each 
other. The formation of the coil part 9C requires high 
forming accuracy. However, since the formations of the 
coil parts 9A and 9E do not require forming accuracy as 
high as that during the formation of the coil part 9C, the 
ratio of parts needing high forming accuracy in the thin- 
film coil 9 is reduced. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 . This document has been translated by computer.So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The two magnetic substance which has two magnetic poles arranged so that a record 
medium may be faced while countering mutually through a gap, and extends with this field in the 
direction to leave from the record-medium opposed face which faces the aforementioned record 
medium and which was connected magnetically. The coil which extends along the extension 
direction of the two aforementioned magnetic substance including the 2nd winding unit wound 
around a direction and opposite direction predetermined [ aforementioned ] centering on the 
magnetic substance of another side of the 1st winding unit and aforementioned two magnetic 
substance wound in the predetermined direction centering on one magnetic substance of the 
two aforementioned magnetic substance. The insulator with which the aforementioned coil is 
insulated from the two aforementioned magnetic substance. It is the magnetic head equipped 
with the above, and the aforementioned coil is characterized by making the continuum which 
comes to connect the winding unit of the above 1 st, and the winding unit of the above 2nd by 
turns. 

[Claim 2] The aforementioned gap, the two aforementioned magnetic substance, the 
aforementioned coil, and the aforementioned insulator at least are the magnetic head according 
to claim 1 characterized by being what consists of a thin film. 

[Claim 3] Two magnetic layers which have two magnetic poles arranged so that a record medium 
may be faced while countering mutually through a gap layer, and extend with this field in the 
direction to leave from the record-medium opposed face which faces the aforementioned record 
medium and which were connected magnetically. The thin film coil which extends along the 
extension direction of the two aforementioned magnetic layers including the 2nd winding unit 
wound around a direction and opposite direction predetermined [ aforementioned ] focusing on 
the magnetic layer of another side of the 1st winding unit [ which is wound in the predetermined 
direction focusing on one magnetic layer of the two aforementioned magnetic layers ], and 
aforementioned two magnetic layers. The insulating layer which insulates the aforementioned 
thin film coil from the two aforementioned magnetic layers. It is the manufacture method of the 
magnetic head equipped with the above, and is characterized by forming the aforementioned thin 
film coil so that the continuum with which the winding unit of the above 1st and the winding unit 
of the above 2nd were connected by turns may be made by carrying out the laminating of two or 
more components which constitute the aforementioned thin film coil to order, and forming them 
in it. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the magnetic head which 
writes in at least and has the induction-type MAG sensing element of business, and its 
manufacture method. 
[0002] 

[Description of the Prior Art] In recent years, the improvement in a performance of the thin film 
magnetic head is called for with improvement in the field recording density of a hard disk drive 
unit. As the thin film magnetic head, the compound-die thin film magnetic head which has the 
structure which carried out the laminating of the recording head which has an induction-type 
MAG sensing element for writing, and the reproducing head which has a magnetic-reluctance (it 
is hereafter described as MR (Magneto Resistive).) element for read-out is used widely, for 
example. 

[0003] A recording head is arranged in the upper and lower sides for example, on both sides of a 
record gap (write gap), and is constituted including the up magnetic pole (top pole) and lower 
magnetic pole (bottom pole) which were magnetically connected in the end section, and the coil 
for magnetic-flux generating. The up magnetic pole and the lower magnetic pole have the same 
constant width (constant width portion) mutually [ near the record gap of the field of the side 
near the record-medium opposed face (pneumatic bearing side) which faces a magnetic- 
recording medium (only henceforth a "record medium") ], and the "magnetic pole portion" which 
specifies recording track width of face by these parts is constituted. 

[0004] The "helical structure" etc. which winds the circumference of the "spiral structure", up 
magnetic pole, and lower magnetic pole around which the connection of an up magnetic pole, a 
lower magnetic pole or an up magnetic pole, and a lower magnetic pole was wound two- 
dimensional as a center (to inside of 1 flat surface) as structure of a coil, for example is known, 
the shape of helical one which consisted of JP,5-242429,A as an example which applied such 
coil structures in the thin film magnetic head equipped with the up magnetism core and lower 
magnetism core by which opposite arrangement was carried out with the lower stripes-like 
electric conduction film, the up stripes-like electric conduction film, etc. — a conductor — the 
structure where a coil winds the circumference of an up magnetism core is indicated Moreover, 
in a utility model No. 3033043, in the thin film magnetic head equipped with the 1 st core and the 
2nd core by which opposite arrangement was carried out, while winding the circumference of the 
1st core in the clockwise direction (or left-handed rotation), the thin film coil layer of the shape 
of two or more spiral which winds the circumference of the 2nd core in the counterclockwise 
direction (right-handed rotation) is arranged hierarchical, and the structure where these thin film 
coil layers of each other were connected is indicated. Moreover, in JP,5-101337,A, the structure 
where the helical-like coil which winds the circumference of a lower layer thin film magnetic 
core, and the helical-like coil which winds the circumference of the upper thin film magnetic core 
were connected through the spiral-like coil is indicated in the thin film magnetic head equipped 
with the lower layer thin film magnetic core and the upper thin film magnetic core by which 
opposite arrangement was carried out. 
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[0005] In the thin film magnetic head, if current flows in a coil at the time of informational record 
operation, according to this, magnetic flux will occur, for example. The magnetic flux generated at 
this time is spread via the propagation path (henceforth a "magnetic path") of the magnetic flux 
constituted by the up magnetic pole and the lower magnetic pole to the constant width portion 
of the up magnetic pole which constitutes a part of magnetic pole portion. The magnetic flux 
spread to the constant width portion reaches the point by the side of the pneumatic bearing side 
further. When the magnetic flux which reached the point of a constant width portion leaks to the 
exterior near the record gap, the signal magnetic field for record occurs. A record medium is 
partially magnetized by this signal magnetic field, and information is recorded. 
[0006] 

[Problem(s) to be Solved by the Invention] By the way, the miniaturization of a coil is called for 
for the purpose of the miniaturization of the thin film magnetic head in recent years. When the 
miniaturization of a coil is taken into consideration, the helical structure where the field which a 
coil occupies is smaller than the spiral structure of having a two-dimensional breadth is suitable 
as coil structure, and it is thought possible by making between the coils of a coil close to 
miniaturize coil structure more. 

[0007] However, there was a problem that the manufacture yield fell for the following reasons 
conventionally while manufacture of the thin film magnetic head takes a long time. That is, in 
order to make between the coils of a coil close for example, that a coil should be miniaturized, a 
high formation precision is required. In such a case, in order to secure a high formation precision, 
in order that the manufacturing process of a coil may make it complicated, the time which 
manufacture of the thin film magnetic head takes becomes long. Moreover, if the formation 
precision of a coil is not enough or a delicate gap arises for formation precision at the time of 
coil formation, it may originate in contact between coil coils, a short circuit etc. may arise, and 
the manufacture yield of the thin film magnetic head may fall. That is, it was difficult to reconcile 
the miniaturization of a coil, and the improvement in the manufacture yield etc. proper 
conventionally. 

[0008] In addition, the above-mentioned problem is similarly produced in other magnetic heads 
(for example, head for videotape record reproduction) which have the same structure (the two 
magnetic substance which counters, and coil for magnetic-flux generating) as this besides the 
thin film magnetic head. 

[0009] this invention was made in view of this trouble, and the purpose is to offer the magnetic 
head which can raise the manufacture yield, and its manufacture method while shortening 
production time, miniaturizing a coil. 
[0010] 

[Means for Solving the Problem] It has two magnetic poles arranged so that a record medium 
may be faced, while the magnetic head of this invention counters mutually through a gap. The 
two magnetic substance which extends in this field and the direction to leave from the record- 
medium opposed face which faces a record medium and which was connected magnetically, The 
2nd winding unit wound around a predetermined direction and predetermined opposite direction 
centering on the magnetic substance of another side of the 1st winding unit and the two 
magnetic substance which are wound in the predetermined direction centering on one magnetic 
substance of the two magnetic substance is included. It is the magnetic head which has the coil 
which extends along the extension direction of the two magnetic substance, and the insulator 
with which a coil is insulated from the two magnetic substance, and a coil makes the continuum 
which comes to connect the 1st winding unit and the 2nd winding unit by turns. 
[001 1] In the magnetic head of this invention, the continuum to which a coil connects the 1st 
winding unit and the 2nd winding unit with by turns, and makes them is made. Thereby, the rate 
of the portion which requires a high formation precision among coils decreases. 
[0012] You may make it a gap, the two magnetic substance, a coil, and an insulator consist of a 
thin film at least in the magnetic head of this invention. 

[0013] It has two magnetic poles arranged so that a record medium may be faced, while the 
manufacture method of the magnetic head of this invention counters mutually through a gap 
layer. Two magnetic layers which extend in this field and the direction to leave from the record- 
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medium opposed face which faces a record medium and which were connected magnetically, The 
2nd winding unit wound around a predetermined direction and predetermined opposite dir ction 
the 1st winding unit wound in the predetermined direction focusing on one magnetic layer of the 
two magnetic layers and focusing on the magnetic layer of another side of the two magnetic 
layers is included. It is the manufacture method of the thin film magnetic head of having the 
insulating layer which insulates a thin film coil with the thin film coil which extends along the 
extension direction of two magnetic layers from two magnetic layers. By carrying out the 
laminating of two or more components which constitute a thin film coil to order, and forming 
them in it, a thin film coil is formed so that the continuum with which the 1st winding unit and 
the 2nd winding unit were connected by turns may be made. 

[0014] By the manufacture method of the magnetic head of this invention, by carrying out the 
laminating of two or more components which constitute a thin film coil to order, and forming 
them in it, a thin film coil is formed so that the continuum with which the 1st winding unit and 
the 2nd winding unit were connected by turns may be made. 
[0015] 

[Embodiments of the Invention] Hereafter, the gestalt of operation of this invention is explained 
in detail with reference to a drawing. 

[001 6] First, with reference to drawin g 1 - drawing 22 , the manufacture method of the 
compound-die thin film magnetic head as the manufacture method of the thin film magnetic head 
concerning the gestalt of 1 operation of this invention is explained. In addition, since it is 
embodied by the manufacture method of the thin film magnetic head concerning the gestalt of 
this operation, it combines below and the thin film magnetic head concerning the gestalt of this 
operation is explained. 

[001 7] In drawing 1 - drawing 12 , (A) shows cross-section structure perpendicular to a 
pneumatic bearing side, and (B) shows cross-section structure parallel to the pneumatic bearing 
side of a magnetic pole portion. The tropia structure and drawing 21 to manufacturing processes 
with main drawing 1 3 - drawing 20 simplify the structure of the thin film coil 9 in a completion 
state to one line, and the tropia structure in the completion state of the thin film coil 9, the 
lower magnetic pole 13, and the up magnetic pole 17 and drawing 22 express them. Here, in 
drawing 1 3 - drawing 20 , in drawing 13 , drawing 2 and drawing 14 correspond to drawing 4 , and 
drawing 15 corresponds to the state where drawing 8 and drawing 1 9 were shown in drawing 9 , 
and drawing 5 and drawing 16 showed [ drawing 6 and drawing 17 ] drawing 20 to drawing 10 for 
drawing 7 and drawing 18 , respectively. (A) of above-mentioned drawing 2 - drawing 10 is 
equivalent to the view cross section which met the A-A line in drawing 13 - drawing 20 . 
[001 8] While writing "length (or the length direction)" and writing "thickness (or the thickness 
direction)", X shaft orientations in each drawing of drawing 1 - drawing 22 in the following 
explanation [ "width of face (or cross direction)" and Y shaft orientations ] [ Z shaft 
orientations ] The pneumatic bearing side 20 side (or side which serves as the pneumatic bearing 
side 20 in a back process) among Y shaft orientations "anterior (it shall write "a posterior (or 
back)") [ or the front" and its opposite side ] 

[0019] By the manufacture method of the thin film magnetic head of the gestalt the 
<manufacture method of the thin film magnetic head> book operation, first, as shown in drawing 
1 , the insulating layer 2 which consists of an aluminum oxide (it is only called an "alumina" 
below aluminum2 03;.) is deposited by the thickness of about 3.0 micrometers - about 5.0 
micrometers on the substrate 1 which consists of ARUTIKKU (aluminum 203 and TiC). Next, the 
lower shield layer 3 which consists for example, of a ferronickel alloy (it is only called "permalloy 
(tradename) below NiFe:.") is alternatively formed by the thickness of about 2.0 micrometers by 
the frame galvanizing method mentioned later on an insulating layer 2. 

[0020] Next, as shown in drawing 1 , the shield gap film 4 which consists of an alumina is formed 
by the thickness of about 0.01 micrometers - 0.1 micrometers by sputtering on the lower shield 
layer 3. Next, on the shield gap film 4, it forms so that it may become the pattern configuration 
of a request of the MR film 5 for constituting MR element by highly precise photolithography 
processing. Next, the lead layer (not shown) as a drawer electrode layer which connects with the 
MR film 5 electrically is alternatively formed by highly precise photolithography processing. Next, 
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the shield gap film 6 is formed so that the MR film 5 may be covered by the same technique as 
the case where the shield gap film 4 is formed, and MR film 5 grade is laid underground in the 
shield gap film 4 and 6. 

[0021] Next, the up shield layer 7 which consists of a permalloy is alternatively formed by the 
thickness of about 1.0 micrometers - 2.0 micrometers for example, by the frame galvanizing 
method on the shield gap film 4 and 6. 

[0022] Next, as shown in drawing 2 and drawing 13 , the insulator layer 8 which consists of an 
alumina is alternatively formed by the thickness of about 0.1 micrometers - 0.2 micrometers by 
sputtering on the up shield layer 7. In case an insulator layer 8 is formed, it is made not to cover 
the field (opening 7K) in which other up shield layers 10 (refer to drawing 3 ) will be formed in a 
back process. 

[0023] Next, as shown in drawing 2 and drawing 13 , two or more coil parts 9A (for example, nine 
A1, nine A2, nine A3) which consists of copper (Cu) is alternatively formed by the thickness of 
about 1.0 micrometers - 1.5 micrometers for example, by the frame galvanizing method on an 
insulator layer 8. This coil parts 9A will constitute some thin film coils 9 (refer to drawing 10 and 
drawing 21 ) mentioned later, and as shown in drawing 13 , it has the band-like flat-surface 
configuration where the rectangle was made. In case coil parts 9A is formed, it connects with a 
series of coil parts (9B, 9C. 9D, 9E) formed in a back process, and alignment is carried out so 
that the thin film coil 9 may finally be formed as the aggregate of these coil parts. More 
specifically, the longitudinal direction of coil parts 9A arranges so that it may incline to the cross 
direction (X shaft orientations in drawing). In addition, the flat-surface configuration of coil parts 
9A can not necessarily be changed not only in the shape of a rectangle, but freely. Moreover, the 
arrangement number of coil parts 9A can be freely changed according to the number of winding 
(number of turns) of the thin film coil 9 to the lower magnetic pole 13 and the up magnetic pole 
1 7 (refer to drawing 8 ) mentioned later mentioned later. 

[0024] In case coil parts 9A is formed by the frame galvanizing method, the electrode layer used 
as the seed layer in the electrolysis galvanizing method is first formed by sputtering on an 
insulator layer 8. As a formation material of an electrode layer, the formation material of coil 
parts 9A, the same material (copper), etc. are used, for example. Next, after applying a 
photoresist and forming a photoresist film on the above-mentioned electrode layer, the photo 
mask for exposure is alternatively formed on this photoresist film. In case a photo mask is 
formed, while making it have a flat-surface configuration corresponding to the flat-surface 
configuration of coil parts 9A, alignment is carried out so that it may correspond to the formation 
position of coil parts 9A. Next, after performing exposure processing to a photoresist film using a 
photo mask, the framework (frame pattern) for forming coil parts 9A is alternatively formed by 
developing this photoresist film. Next, while using a frame pattern as a mask, coil parts 9A is 
alternatively formed by carrying out plating growth of the copper by the electrolysis galvanizing 
method, using the electrode layer formed in the point process as a seed layer. Finally, a frame 
pattern is removed after forming coil parts 9A. 

[0025] Next, as shown in drawing 3 , the up shield layer 10 which consists of a permalloy is 
alternatively formed in opening 7K by the thickness of about 2.5 micrometers - 3.0 micrometers 
for example, by the frame galvanizing method. Next, precursive insulator layer 1 1 P which consist 
of an alumina are formed by the thickness of about 3.0 micrometers - 4.0 micrometers by 
sputtering so that the concavo-convex field constituted by coil parts 9A and the up shield layer 

1 0 grade may be covered. These precursive insulator layer 1 1 P are a pre-preparation layer used 
as an insulator layer 1 1 by performing polish processing in a back process. 

[0026] Next, for example by grinding and carrying out flattening of the whole by the CMP 
(chemical machinery polish) method, as shown in drawing 4 and drawing 14 , the insulator layer 

1 1 which lays coil parts 9A etc. underground is formed. It is made to perform polish processing 
until the up shield layer 10 is exposed at least, in case an insulator layer 1 1 is formed. 

[0027] next, the thing which it **********s alternatively and delves into for a portion [ near the 
both ends of coil parts 9A (nine A1 , nine A2, nine A3) ] among insulator layers 1 1 by reactive ion 
etching (it is only called "RIE" below Reactive Ion Etching;.) as shown in drawin g 14 — for 
example, two or more connection hole 1 1 H which have a circular opening configuration are 
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formed It is made to perform etching processing until coil parts 9A is exposed, in case 
connection hole 1 1 H are formed. These connection hole 1 1 H are for connecting coil parts 9A 
and coil parts 9B (referring to drawin g 17 and drawin g 21 ) formed in a back process. In addition, 
the opening configuration of connection hole 1 1 H cannot necessarily be restricted circularly, but 
can be changed freely. 

[0028] Next, as shown in drawing 5 and drawing 15 , the insulator layer 12 which consists of an 
alumina is formed in the whole by the thickness of about 0.1 micrometers - 0.2 micrometers by 
sputtering. In case an insulator layer 1 2 is formed, it is made not to cover connection hole 1 1 H 
formed in the point process, as shown in drawing 15 . 

[0029] Next, as shown in drawing 5 and drawing 15 , the lower magnetic pole 13 which consists 
of a permalloy by the frame galvanizing method so that all coil parts 9A may be crossed is 
alternatively formed by the thickness of about 2.0 micrometers - 3.0 micrometers on the field 
surrounded by connection hole 1 1 H group among insulator layers 12. In case the lower magnetic 
pole 13 is formed, it is made for point 13A and back end section 13B to be included sequentially 
from the side (left-hand side in drawing) which serves as the pneumatic bearing side 20 in a back 
process, as shown in drawing 15 . It is made for width of face to narrow as back end section 13B 
has the width of face of simultaneously regularity in the back section and approaches point 13A 
in the front section, while making it point 1 3A have the very minute constant width which 
specifies recording track width of face as structure of the concrete lower magnetic pole 13, for 
example. Here, the lower magnetic pole 13 corresponds to one example of "one magnetic 
substance" in this invention, or a "one magnetic layer." 

[0030] Next, as shown in drawing 6 and drawing 16 , the record gap layer 14 which consists of an 
alumina is formed in the whole by the thickness of about 0.1 micrometers - 0.3 micrometers by 
sputtering. In case the record gap layer 14 is formed, it is made not to cover opening 14K for 
connecting the lower magnetic pole 13 and the up magnetic pole 17 (referring to drawing 8 ) 
formed in a back process. Here, the record gap layer 14 corresponds to one example of the 
"gap" in this invention, or a "gap layer." 

[0031] Next, on the record gap layer 14, by highly precise photolithography processing, organic 
insulating materials, such as the material which shows a fluidity at the time of heating, for 
example, a photoresist etc., are formed so that it may become a predetermined pattern. Next, it 
heat-treats to this photoresist film at the temperature of about 200 degrees C-250 degreeC 
within the limits. Of this heat-treatment, as shown in drawing 6 and drawing 16 , an insulator 
layer 15 is formed alternatively. This insulator layer 15 mainly insulates electrically between the 
lower magnetic pole 1 3 and coil parts 9C formed in a back process. When a photoresist flows at 
the time of heating, it makes roundish [ wore ] near the edge of an insulator layer 15. While 
carrying out alignment so that it may correspond to the arrangement field of coil parts 9C (refer 
to drawing 7 and drawing 1 7 ) formed for example, in a back process in case an insulator layer 15 
is formed, it is made not to cover connection hole 1 1 H formed in the point process, and opening 
1 4K, as shown in drawing 1 6 . 

[0032] Next, as shown in drawing 1 7 , two or more coil parts 9B which will constitute some thin 
film coils 9 is alternatively formed into connection hole 1 1 H by the electrolysis galvanizing 
method by growing up the plating film which consists of copper. This coil parts 9B is formed as 
shown in d rawing 21 , for example, so that pillar-like structure may be made corresponding to 
the internal structure of connection hole 1 1 H. 

[0033] Next, as shown in drawing 7 and drawing 17 , two or more coil parts 9C (for example, 9C1, 
9C2, 9C3, 9C4, 9C5, 9C6, 9C7) which consists of copper is alternatively formed by the thickness 
of about 1 .5 micrometers by the same frame galvanizing method as the case where coil parts 9A 
is formed. While making it coil parts 9C more specifically have the band-like flat-surface 
configuration where the rectangle was made, it is made for the longitudinal direction of coil parts 
9C to intersect perpendicularly mostly to the length direction (Y shaft orientations in drawing). In 
case coil parts 9C is formed, while the end of the coil parts 9C1 and the end of the coil parts 
nine A1 are connected through coil parts 9B The other end of the coil parts 9C2 and the other 
end of the coil parts nine A1 are connected through coil parts 9B, and the connection unit 
constituted by a series of coil parts groups (9C1, 9B, nine A1, 9B, 9C2) is formed. And a 
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connection unit is similarly formed about other coil parts groups (9C3, 9B, nine A2, 9B, 9C4 and 
9C5, 9B, nine A3, 9B f 9C6). Each connection unit (coil parts 9A, 9B t and 9C) will wind the 
circumference of the lower magnetic pole 13 (back end section 13B), as shown in drawing 21 . 
Especially in the following, the connection unit constituted with the coil parts 9A, 9B, and 9C 
shall be called "the 1st winding unit U1" (refer to drawin g 22 ). 

[0034] Next, as shown in drawin g 8 and drawin g 18 , the insulator layer 1 6 which consists of a 
photoresist is formed, using the same material as the case where an insulator layer 15 is formed, 
and the formation method so that coil parts 9C and its boundary region may be covered. Coil 
parts 9C is laid underground by the insulator layer 16. 

[0035] Next, as shown in drawing 8 and drawing 18 , the up magnetic pole 17 which consists of a 
permalloy is alternatively formed by the thickness of about 2.0 micrometers - 3.0 micrometers 
for example, by the frame galvanizing method on the field from the side which serves as the 
pneumatic bearing side 20 in a back process to opening 14K. In case the up magnetic pole 17 is 
formed, it has the almost same structure (point 1 7A, back end section 1 7B) as the lower 
magnetic pole 13 (point 13A, back end section 13B), and is made to counter with the lower 
magnetic pole 13 in the thickness direction (Z shaft orientations in drawing), as shown in drawin g 
18 . The lower magnetic pole 13 and the up magnetic pole 17 are magnetically connected in 
opening 14K, and a magnetic path is formed of the lower magnetic pole 13 and the up magnetic 
pole 1 7. When point 1 3A and point 1 7A which have the very minute constant width which 
specifies recording track width of face counter through the record gap layer 14, the magnetic 
pole portion 100 is formed (refer to drawing 8 (B)). Here, the up magnetic pole 17 corresponds to 
one example of "the magnetic substance of another side" in this invention, or "the magnetic 
layer of another side." 

[0036] Next, as shown in drawing 9 and drawing 19 , the insulator layer 1 8 which consists of a 
photoresist is alternatively formed on the up magnetic pole 1 7, using the same material as the 
case where an insulator layer 15 is formed, and the formation method. This insulator layer 18 
insulates electrically between the up magnetic pole 1 7 and coil parts 9E formed in a back 
process. In case an insulator layer 1 8 is formed, alignment is carried out so that it may 
correspond to the arrangement field of coil parts 9E (refer to drawing 10 and drawing 20 ) formed 
in a back process. Here, the insulator constituted by insulator layers 11, 12, 15, 16, and 18 
corresponds to the "insulator" in this invention, or one example of a "insulating layer." 
[0037] Next, as shown in drawing 19 , two or more connection hole 1 8H which have a circular 
opening configuration, for example are formed by **^******j n g alternatively and investigating a 
portion [ near / in which coil parts 9B in the coil parts 9C1 to 9C6 is not arranged among 
insulator layers 16 and 18 and the up magnetic pole 17 / the near edge ], and a portion / near 
the ends of the coil parts 9C7 ]. It is made to perform etching processing until coil parts 9C is 
exposed, in case connection hole 18H are formed. These connection hole 18H are for mainly 
connecting coil parts 9C and coil parts 9D (referring to drawing 20 and drawing 21 ) formed in a 
back process. 

[0038] Next, as shown in drawing 20 , two or more coil parts 9D is alternatively formed into 
connection hole 1 8H by the electrolysis galvanizing method by growing up the plating film which 
consists of copper. As shown in drawing 21 , this coil parts 9B is formed like coil parts 9B 
formed in the point process so that pillar-like structure may be made corresponding to the 
internal structure of connection hole 18H. 

[0039] Next, as shown in drawin g 10 and dr awin g 20 , two or more coil parts 9E (for example, 
nine E1, nine E2, nine E3) which consists of copper is alternatively formed by the thickness of 
about 1.5 micrometers for example, by the frame galvanizing method on an insulator layer 18. In 
case coil parts 9E is formed, while the end of the coil parts nine E1 and the end of the coil parts 
9C2 are connected through coil parts 9D The other end of the coil parts nine E1 and the other 
end of the coil parts 9C3 are connected through coil parts 9D, and the connection unit 
constituted by a series of coil parts groups (9C2, 9D, nine E1, 9D, 9C3) is formed. And a 
connection unit is similarly formed about other coil parts groups (9C4, 9D, nine E2, 9D, 9C5 and 
9C6, 9D, nine E3, 9D, 9C7). Each connection unit (coil parts 9C, 9D, and 9E) will wind the 
circumference of the up magnetic pole 17 (back end section 17B), as shown in drawin g 21 . 
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Especially in the following, the connection unit constituted with the coil parts 9C f 9D, and 9E 
shall be called "the 2nd winding unit U2" (refer to drawin g 22 ). In addition, in case the thin film 
coil 9 is formed, in order to equate the yield of the magnetic flux in each circumference field of 
the lower magnetic pole 13 and the up magnetic pole 17, and the generating timing of magnetic 
flux mentioned later, it is desirable to make it make in agreement the number of the 1st winding 
units U1 and the number of the 2nd winding units U2 (refer to drawing 22 ). 
[0040] By forming coil parts 9E, the thin film coil 9 is formed as the aggregate of a series of coil 
parts (9A, 9B, 9C, 9D, 9E). In case coil parts 9E is formed, while forming lead-wire 9F1 so that it 
may connect with coil parts 9DF formed in the other end of the coil parts 9C1, lead-wire 9F2 are 
simultaneously formed, for example so that it may connect with coil parts 9DR formed in the end 
section of the coil parts 9C7. As a formation material of lead-wire 9F1 and 9F2. copper etc. is 
used like the thin film coil 9, for example. 

[0041] Next, as shown in drawing 1 1 , the overcoat layer 19 which consists of inorganic 
insulating materials, such as an insulating material, for example, an alumina etc., is formed by the 
thickness of about 20 micrometers - 40 micrometers so that the whole may be covered. 
[0042] Finally, as shown in drawing 12 , the pneumatic bearing side 20 of a recording head and 
the reproducing head is formed according to machining or a polish process, and the thin film 
magnetic head is completed. 

[0043] With reference to <the structure of the thin film magnetic head> next drawing 12 , 
drawing 21 , and drawing 22 , the structure of the thin film magnetic head concerning the form of 
this operation is explained. 

[0044] As shown in drawing 12 , the position of the front end of an insulator layer 1 5 is the 
position used as the criteria at the time of determining the throat height (TH) which is one of the 
factors which determines the performance of a recording head, i.e., a throat height zero position, 
(TH0 position). Throat height (TH) is specified as length from the position (TH0 position) of the 
front end of an insulator layer 15 to the pneumatic bearing side 20. 
[0045] As shown in drawing 21 and drawing 22 , the thin film coil 9 is constituted as the 
aggregate of a series of coil parts (9A, 9B, 9C, 9D, 9E) by which laminating formation was carried 
out, as described above. From the pneumatic bearing side 20, this thin film coil 9 continues by 
turns, and includes the 1st winding unit U1 and the 2nd winding unit U2, and the continuum which 
extends while coiling around the lower magnetic pole 1 3 (back end section 1 3B) and the up 
magnetic pole 17 (back end section 17B) by turns is made. Specifically per [ U1 ] 1st winding, 
the thin film coil 9 is winding [ the thin film coil 9 ] in the clockwise direction in the 
counterclockwise direction focusing on the up magnetic pole 1 7 per [ 2 ] winding and 2nd winding 
focusing on the lower magnetic pole 13. That is, the orbit of the thin film coil 9 seen from the 
pneumatic bearing side 20 side draws the character of "8" (refer to drawing 22 ). Suppose that 
the structure of the thin film coil 9 is especially called "balance volume structure" in the 
following explanation paying attention to the point that a coil mainly coils around the both sides 
of the lower magnetic pole 13 and the up magnetic pole 17 equally (often [ balance ]). It 
connects with the external circuit which is not illustrated and both lead-wire 9F1 connected to 
the both ends of the thin film coil 9 and 9F2 can make it flow through the thin film coil 9 by this 
external circuit now. 

[0046] With reference to <operation of the thin film magnetic head> next drawing 12 , drawin g 
21 , and drawing 22 , operation of the thin film magnetic head concerning the form of this 
operation is explained. 

[0047] In this thin film magnetic head, if Current I flows in the thin film coil 9 toward lead-wire 
9F1 to 9F2 through the external circuit which is not illustrated at the time of informational 
record operation, magnetic flux J will occur according to this. At this time, per [ U1 ] 1st winding, 
the flow of the magnetic flux J which spreads the inside of the lower magnetic pole 13 toward 
back when Current I flows arises so that it may wind in the clockwise direction, and when 
Current I flows per [ U2 ] 2nd winding on the other hand so that it may wind in the 
counterclockwise direction, the flow of the magnetic flux J which spreads the inside of the up 
magnetic pole 1 7 toward the front arises. Thereby, the magnetic flux generated with the thin film 
coil 9 spreads the inside of a magnetic path toward the up magnetic pole 17 (point 17A) from the 
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lower magnetic pole 13, and, finally reaches a part for the point by the side of the pneumatic 
bearing side 20 of point 1 7A. By the magnetic flux which reached a part for the point of point 
17A, the signal magnetic field for record occurs in the about 14 record gap layer exterior. In 
addition, by passing Current I to an opposite direction toward lead-wire 9F2 to 9F1, magnetic 
flux spreads the inside of a magnetic path toward the lower magnetic pole 1 3 from the up 
magnetic pole 1 7, and the case where it is the above, and the signal magnetic field of a retrose 
occur. By these signal magnetic fields, a magnetic-recording medium can be magnetized partially 
and information can be recorded. 

[0048] On the other hand, sense current is passed on the MR film 5 at the time of informational 
reproduction operation. Since the resistance of the MR film 5 changes according to the 
regenerative-signal magnetic field from a magnetic-recording medium, it can read the information 
currently recorded on the magnetic-recording medium by detecting the resistance change by 
change of sense current 

[0049] With reference to <an operation and effect> of the form of this operation next drawing 
12 , and drawing 23 , an operation and effect of the form of this operation are explained. Drawin g 
23 expresses the cross-section composition of the thin film magnetic head as an example of 
comparison over the thin film magnetic head of the form of this operation, and corresponds to 
drawing 12 . Drawing 23 shows the case where it, for example, has the helical structure where 
the thin film coil 99 winds the circumference of the up magnetic pole 17 (yoke section 17B). With 
the form of this operation, since it was made to have the balance volume structure which 
extends along the extension direction of the lower magnetic pole 13 and the up magnetic pole 17 
as shown in drawing 12 while the thin film coil 9 continued by turns and included the 1st winding 
unit U1 and the 2nd winding unit U2, while shortening the time which manufacture of the thin film 
magnetic head takes for the following reasons, the manufacture yield can be raised. 
[0050] That is, in order to realize the miniaturization of the thin film magnetic head, it is 
necessary to make between the coils of a coil close and to miniaturize a thin film coil. However, 
since each distance D1 between coils will become small if between coil coils is made close while 
an advantage is acquired in the point of being smaller than the case where the field (occupancy 
field) which a coil occupies has spiral structure, when manufacturing the thin film magnetic head 
(refer to drawing 23 ) as an example of comparison in which the thin film coil 99 which has helical 
structure was carried, a high formation precision is required on the occasion of formation of the 
thin film coil 99. In such a case, if the formation precision of the thin film coil 99 is not enough or 
a delicate gap arises for formation precision at the time of thin film coil 99 formation, it may 
originate in contact between coil coils, a short circuit etc. may arise, and the manufacture yield 
of the thin film magnetic head may fall. 

[0051] Here, as the technique of forming the thin film coil 99 with high precision, there is the 
method of carrying out flattening of the front face of the ground in the formation field of the thin 
film coil 99 using polish processing, for example. Since it will originate in the reflected light 
reflected in the direction of slant, or a longitudinal direction from the front face of a ground in 
the exposure process for forming a frame pattern and the formation precision of a frame pattern 
will fall if the front face of a ground is making irregularity in case a thin film coil is formed for 
example, using the frame galvanizing method, this suppresses the bad influence by the reflected 
light by grinding and carrying out flattening of the front face of a ground. However, since the 
number of manufacturing processes will increase if polish processing is performed, the time 
which manufacture of the thin film magnetic head takes will become long. That is, in the case of 
the example of comparison, it was difficult to reconcile the miniaturization of the thin film coil 99, 
and the improvement in the manufacture yield etc. 

[0052] On the other hand, although the distance D2 (about D 2= D1) between coil parts 9C 
narrows with the form of this operation according to the miniaturization of a coil as shown in 
drawing 12 , distance with sufficient distance D3 between coil parts 9A and distance D4 (about D 
3= D4) between coil parts 9E is secured. In such a case, although a high formation precision is 
required about formation of coil parts 9C, formation precision to the extent that it requires for 
formation of coil parts 9C about formation of the coil parts 9A and 9E is not needed. Therefore, 
with the form of this operation, rather than the case of the above-mentioned example of 
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comparison, in order that the rate of the portion as which a high formation precision is required 
among the thin film coils 9 may decrease (when forming the thin film coil 99), possibility that 
faults, such as a short circuit, will arise falls and the manufacture yield of a thin film coil 
improves. And although the field (occupancy field) which the thin film coil 9 which has balance 
volume structure occupies becomes large a little rather than the occupancy field of the thin film 
coil (for example, thin film coil 99) which has helical structure, since the occupancy field 
becomes small sharply compared with the thin film coil which has spiral structure, the 
miniaturization of the thin film coil 9 can also realize it. 

[0053] Furthermore, with the form of this operation, since it is not necessary to perform polish 
processing to formation of the coil parts 9A and 9E in the formation process of these parts 
based on not requiring a high formation precision, by easy-izing formation of the thin film coil 9, 
the number of manufacturing processes can be cut down and the time which manufacture of the 
thin film magnetic head takes can be shortened. That is, unlike the thin film magnetic head 
(JP.5-242429.A. a utility model No. 3033043, JP.5-101337.A) illustrated in the term of a Prior 
art, in the form thin film magnetic head of this operation, the miniaturization of a coil and the 
improvement in the manufacture yield etc. can be reconciled proper. 

[0054] Moreover, with the form of this operation, it has an advantage also in the viewpoint 
concerning suppression of generating of the noise component resulting from the generating 
timing of magnetic flux. The structure of the thin film magnetic head as other examples of 
comparison as opposed to [ as opposed to / the structure of the thin film magnetic head of the 
form of this operation / in drawing 24 ] the thin film magnetic head of the form of this operation 
in drawing 25 is shown typically, respectively. The thin film coil 109 (for example, six numbers of 
turns) shown in drawing 25 has helical structure, and is making the continuum with which winding 
unit U3A, U3B and U3C which wind the circumference of the lower magnetic pole 1 3 along the 
extension direction, and winding unit U4A which winds the circumference of the up magnetic pole 
17 along the extension direction, U4B and U4C were connected. With this thin film coil 109, the 
generating state of the magnetic flux at the time of passing current becomes unequal. Namely, if 
current is passed in the thin film coil 209, the generating field of magnetic flux will shift in order 
of winding unit U3A, U3B, U3C, U4C, U4B, and U4A. After magnetic flux occurs in the field (U3A, 
U3B, U3C) of the lower magnetic pole 13, magnetic flux will occur in the field (U4A, U4B, U4C) of 
the up magnetic pole 1 7. In such a case, since the generating timing of magnetic flux differs 
greatly by the lower magnetic pole 1 3 and the up magnetic pole 1 7, movement of an uneven 
magnetic domain wall will arise and light after noises, such as a popcorn noise, will occur. 
[0055] On the other hand, with the form (refer to drawin g 24 ) of this operation, supposing it has 
the same number of turns (6 times) as the thin film coil 1 09, the generating field of magnetic flux 
shifts in order of U1A, U2A. U1B, U2B, U1C, and U2C. and the generating timing of magnetic flux 
is equated as the whole magnetic pole including the lower magnetic pole 13 and the up magnetic 
pole 17. Thereby, unlike the case of the above-mentioned example of comparison, generating of 
light after noises, such as popcorn, can be suppressed. 

[0056] Moreover, with the form of this operation, when the thin film coil 9 has balance volume 
structure, it will also have an advantage of stabilization of a recording characteristic besides 
suppression of generating of the above-mentioned noise component. Drawing 26 shows typically 
the structure of the thin film magnetic head as an example of comparison of further others over 
the thin film magnetic head of the form of this operation, and the thin film coil 209 has for 
example, spiral structure, the amount J2 of magnetic flux held in the magnetic-path component 
part to the amount J1 of magnetic flux generated with the thin film coil 209 which has spiral 
structure, the hold efficiency 209. i.e., the thin film coil, of magnetic flux J to a magnetic-path 
component part (the lower magnetic pole 13, up magnetic pole 17), — comparatively (J2/J1) — 
not being enough . Because, the magnetic flux J generated among the magnetic flux J generated 
with the thin film coil 209 more back than the lower magnetic pole 13 and the up magnetic pole 
1 7 is the shell which is hard to hold in a magnetic-path component part. 
[0057] On the other hand, with the form (refer to drawing 24 ) of this operation, since all the 
portions of the thin film coil 9 approach the lower magnetic pole 13 and the up magnetic pole 17 
and are winding the circumference, the magnetic flux J generated with the thin film coil 9 is fully 
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held in a magnetic-path component part, and the hold efficiency of the magnetic flux J to a 
magnetic-path component part improves. Thereby, the flux density in point 13A of the up 
magnetic pole 1 3 increases, and the stable recording characteristic can be secured. 
[0058] Moreover, with the form of this operation, it has an advantage also in the viewpoint of the 
RF response characteristic of the thin film magnetic head. That is, generally, the RF response 
characteristic of the thin film magnetic head improves, so that the coil inductance of a thin film 
coil becomes small. It is known that the coil inductance of a thin film coil will decrease as the 
radius (coil radius) of the portion which makes the shape of a ring of for example, the thin film 
coils becomes small. With the thin film coil 209 (refer to drawing 26 ) which has spiral structure, 
since a coil radius increases according to the increase in the number of turns of a coil, a coil 
inductance will become large and a RF response characteristic will deteriorate. On the other 
hand, with the thin film coil 9 (refer to drawing 24 ) of the form of this operation, since a coil 
radius is maintained when a coil radius becomes small and the number of turns of a coil is made 
to increase from the case of the thin film coil 209, a coil inductance can be made small and a RF 
response characteristic can be raised. 

[0059] This is clear from the experimental result about the excitation magnetic influence of the 
thin film magnetic head shown in drawing 27 . Drawing 27 is an experimental result about the 
standup property of the excitation magnetic field L. The "horizontal axis" in drawing expresses 
Time T, a "vertical axis" expresses excitation magnetic-field-strength L, respectively, and the 
thin film magnetic head (refer to drawing 24 ) of the form of this operation which carried the thin 
film coil 9 with which "A" has balance volume structure, and "B" express the property of the 
thin film magnetic head (refer to drawin g 26 ) as an example of comparison of having carried the 
thin film coil which has spiral structure, respectively. In addition, the yield of the magnetic flux in 
the thin film magnetic head of "A" and "B" is the same. As shown in drawing 27 , the standup 
inclination of the excitation magnetic field L in the thin film magnetic head (A) of the form of this 
operation is steeper than the standup inclination of the excitation magnetic field L in the thin 
film magnetic head (B) as an example of comparison, and it is stabilized more for a short time. 
[0060] In addition, although the thin film coil 9 was constituted from a form of this operation as 
the aggregate of five kinds of coil parts (9A-9E), it is not necessarily restricted to this and the 
number of the kinds of coil parts which constitute the thin film coil 9 can be changed freely. As 
shown in drawing 28 , while carrying out "9G" of the coil parts 9B and 9C and specifically 
forming them really, it really forms, using the coil parts 9D and 9E as "9H", and the thin film coil 
9 may be made to be constituted by three kinds of call parts (9A, 9G, 9H). Since the number of 
manufacturing processes which formation of the thin film coil 9 takes by lessening the coil 
number of multipart forms is cut down, the time which manufacture of the thin film magnetic 
head takes can be shortened. In addition, structures other than the above in the thin film 
magnetic head shown in drawin g 28 are the same as that of the case of drawing 21 . 
[0061] Moreover, although it was made for the thin film coil 9 to wind [ in / winding and the 2nd 
winding unit U2 / in the thin film coil 9 ] in the clockwise direction in the counterclockwise 
direction focusing on the up magnetic pole 17 focusing on the lower magnetic pole 13 in the 1st 
winding unit U1 with the gestalt of this operation as shown in drawing 21 and drawing 22 It is not 
necessarily restricted to this and may be made to make reverse the winding direction of the thin 
film coil 9 in the 1st winding unit U1 and the 2nd winding unit U2. Also in this case, the same 
effect as the case of the gestalt of the above-mentioned implementation can be acquired. 
[0062] Moreover, with the gestalt of this operation, although the thin film coil 9 wound the 
circumference of the up magnetic pole 1 7 for the circumference of the lower magnetic pole 1 3 in 
winding and the 2nd winding unit U2 in the 1st winding unit U1 It is not necessarily restricted to 
this and you may make it wind the circumference of the lower magnetic pole 13 for the 
circumference of the up magnetic pole 17 in winding and the 2nd winding unit U2 in the 1st 
winding unit U1. 

[0063] Moreover, with the gestalt of this operation, as for the number of winding of the thin film 
coil 9 in each winding unit (U1, U2), the thin film coil 9 can change the circumference of the up 
magnetic pole 1 7 freely, although the thin film coil 9 wound [ in / 1 time winding and the 2nd 
winding unit U2 / on the 1st winding unit U1 and ] the circumference of the lower magnetic pole 
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13 once. It is good also as multiple times and the number of winding in the 1st winding unit U1 
and the 2nd winding unit U2 may be made for the number of winding to specifically differ from 
th 1st winding unit U1 per [ U2 ] 2nd winding. However, as described above, it is [ that the yield 
of the magnetic flux in the lower magnetic pole 13 circumference and the yield of the magnetic 
flux in the up magnetic pole 17 circumference should be made equal ] desirable, when changing 
the number of winding of the thin film coil 9 to make the same the total number of winding in the 
1st winding unit U1 and the total number of winding in the 2nd winding unit U2. 
[0064] As mentioned above, although the gestalt of operation was mentioned and this invention 
was explained, this invention is not limited to the gestalt of the above-mentioned 
implementation, and can deform variously. For example, although the gestalt of the above- 
m ntioned implementation explained the case where the coil structure (balance volume 
structure) of this invention was applied to the thin film coil carried by the thin film magnetic 
head, it is not necessarily restricted to this and can apply to other magnetic heads (for example, 
video head etc.) which have the same structure (the two magnetic substance which counters, 
and coil for magnetic-flux generating) as others and this and a mechanism (record, reproduction) 
of operation. [ magnetic head / thin film ] Also in this case, the same effect as the case of the 
gestalt of the above-mentioned implementation can be acquired. 

[0065] Moreover, although the form of the above-mentioned implementation explained the case 
where the thin film coil 9 had only balance volume structure, it is not necessarily restricted to 
this and you may make it the thin film coil 9 include others and spiral structure or helical 
structure. [ structure / balance volume ] Of course, you may make it the thin film coil 9 include 
balance volume structures, spiral structures, and all the helical structures. 
[0066] moreover, the flat-surface configuration of a series of components containing the lower 
magnetic pole 13 and the up magnetic pole 17 in a form of the above-mentioned implementation 
cannot necessarily be restricted to what was shown in drawing 15 or drawing 18 , it can be alike 
to secure the function of each component as much as possible, it can set, and the flat-surface 
configuration of a series of components can be changed freely 

[0067] Moreover, that the formation method, formation material, etc. concerning formation of a 
series of components which constitute the thin film magnetic head reproduce the structural 
feature, the quality-of-the-material-feature, etc. of not only a thing but each component of 
having not necessarily explained in the form of the above-mentioned implementation can deform 
freely the formation method of a series of components, formation material, etc. as much as 
possible. 

[0068] Moreover, for example, with the form of the above-mentioned implementation, although 
the compound-die thin film magnetic head was explained, this invention is applicable also to the 
thin film magnetic head which has the thin film magnetic head only for records and the 
induction-type MAG sensing element of record / reproduction combination which have an 
induction-type MAG sensing element for writing. Moreover, this invention is applicable also to 
the thin film magnetic head of the structure where read with the element for writing and the 
built-up sequence of the element of business was reversed. 
[0069] 

[Effect of the Invention] Since the coil made the continuum which comes to connect the 1st 
winding unit and the 2nd winding unit by turns according to the magnetic head according to claim 
1 or 2 as explained above, the rate of the portion which requires a high formation precision 
among coils decreases. Therefore, the manufacture yield can be raised while being able to 
shorten the time which manufacture of the magnetic head takes, miniaturizing a coil. 
[0070] Since the continuum with which a thin film coil comes to connect the 1st winding unit and 
the 2nd winding unit by turns was made especially according to the manufacture method of the 
magnetic head according to claim 2 or the thin film magnetic head according to claim 3, the rate 
of the portion which requires a high formation precision among thin film coils decreases. 
Therefore, the manufacture yield can be raised while being able to shorten the time which 
manufacture of the thin film magnetic head takes, miniaturizing a thin film coil. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is a cross section for explaining one process in the manufacture method of the 

thin film magnetic head concerning the gestalt of 1 operation of this invention. 

[Drawing 2] It is a cross section for explaining the process following drawing 1 . 

[Drawing 3] It is a cross section for explaining the process following drawing 2 . 

[Drawing 4] It is a cross section for explaining the process following drawing 3 . 

[Drawing 5] It is a cross section for explaining the process following drawing 4 . 

[Drawing 6] It is a cross section for explaining the process following drawing 5 . 

[ Drawi ng 7] It is a cross section for explaining the process following drawin g 6 . 

[ Drawin g 8] It is a cross section for explaining the process following drawing 7 . 

[Drawing 9] It is a cross section for explaining the process following drawing 8 . 

[Drawing 10] It is a cross section for explaining the process following drawing 9 . 

[Drawing 1 1] It is a cross section for explaining the process following drawing 10 . 

[Drawing 12] It is a cross section for explaining the process following drawing 1 1 . 

[Drawing 13] It is a plan corresponding to the state which showed in drawing 2 . 

[Drawing 14] It is a plan corresponding to the state which showed in drawing 4 . 

[D rawin g 15 ] It is a plan corresponding to the state which showed in drawing 5 . 

[ Drawin g 16] It is a plan corresponding to the state which showed in drawing 6 . 

[Drawing 1 7] It is a plan corresponding to the state which showed in drawing 7 . 

[ Drawin g 18] It is a plan corresponding to the state which showed in drawin g 8 . 

[Drawing 19] It is a plan corresponding to the state which showed in drawing 9 . 

[Drawing 20] It is a plan corresponding to the state which showed in drawing 10 . 

[Drawing 21] It is a perspective diagram showing the completion state of a thin film coil, a lower 

magnetic pole, and an up magnetic pole. 

[ Drawin g 22] It is drawing which simplifies and expresses the structure of a thin film coil. 
[Drawing 23] It is a cross section showing the structure of the thin film magnetic head as an 
example of comparison over the thin film magnetic head of the gestalt of this operation. 
[Drawing 24] It is drawing which expresses typically the structure of the thin film magnetic head 
of the gestalt of this operation. 

[Drawing 25] It is drawing which expresses typically the structure of the thin film magnetic head 
as other examples of comparison over the thin film magnetic head of the gestalt of this 
operation. 

[Drawing 26] It is drawing which expresses typically the structure of the thin film magnetic head 
as an example of comparison of further others over the thin film magnetic head of the gestalt of 
this operation. 

[ Drawin g 27] It is drawing showing the experimental result about excitation magnetic influence. 
[Drawing 28] It is a perspective diagram showing the modification concerning the structure of 
the thin film magnetic head of the gestalt of this operation. 
[Description of Notations] 

1 [ — 4 A lower shield layer 6 / — Shield gap film, ] — 2 A substrate, 11 — An insulating layer, 
3 5 [ — Insulator layer, ] — 7 MR film, 10 — An up shield layer, 8, 12, 15, 16, 18 9 99,109,209 — 
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A thin film coil, 9A (nine A1, nine A2 f nine A3). 9B, 9C (9C1, 9C2, 9C3, 9C4, 9C5, 9C6. 9C7), 9D, 
9E (nine E1, nine E2, nine E3), 9G, 9H — Coil parts, 9F1, 9F2 [ — Precursive insulating layer, ] - 
- Lead wire, 1 1 H, 1 8H — A connection hole, 1 1 P 1 3 [ — Back end section, ] — A lower 
magnetic pole, 13A, 17A — A point, 13B, 17B 14 [ — A pneumatic bearing side, 100 / — A 
magnetic pole portion, I / — Current, J / — Magnetic flux, TH / — Throat height, U1 (U1A, U1B 
U1C) / — The 1st winding unit, U2 (U2A, U2B, U2C) / — 2nd winding unit. ] — A record gap 
layer, 19 — An overcoat layer, 20 
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